Introduction
Watermelon [Citrullus lanatus (thunb.) Matsum & Nakai] has great social and economic importance (RAMOS et al., 2012) owing to its wide use in the Brazilian diet, its nutritional properties, easy consumption and low caloric content . The 2015 Brazilian watermelon production was 2,119,599 t, with 97,910 ha of cultivated crops (IBGE, 2016) .
However, such production can be even higher if new genotypes with different fruit patterns are developed in order to meet the new market requirements .
The market demand in Brazil is for smaller fruits for easier transportation, domestic storage, targeted especially at families with few members.
However, the main cultivars commercialized in the country were developed from 'Crimson Sweet', a genotype with fruit mass greater than 10 kg , which provides consumers with fewer options for choice. This demand can be met with the development of new commercial genotypes in breeding programs, using the genetic diversity of local varieties and Germplasm Active Banks (GABs).
Important watermelon diversity sources of local varieties maintained in traditional agriculture were reported by Nantoumé et al. (2012) and Nantoumé et al. (2013) . In terms of Germplasm Active Banks (GABs), accessions Com . Sci., Bom Jesus, v.x, n.x, p.x-x, xxx./xxx. 2018 with important genetic diversity sources were reported by AdjoumanI et al. (2016) , Gama et al. (2013) and Gbotto et al. (2016) . However, to use such genetic resources, a better understanding of genotypes is necessary as regards their main agronomic traits available for the attainment of greater efficiency in the choice of parents and the use of the most adequate breeding techniques (Souza et al. 2013 ).
In watermelon crops, the ability to combine potential parents is one of the most important information, which also allows identifying the most suitable parents for the transmission of desirable characters in commercial hybrids.
Studies on the combining ability of different crops have been carried out, such as beans (Rocha et al., 2014) , onion (Santos et al., 2015) , maize (Barreto et al., 2012) , carrot (Carvalho et al., 2014) , among others, which have generated important information for the development of commercial hybrids. As regards watermelon crops specifically, studies were conducted by Adjoumani et al. (2016) , Singh et al. (2009 ), Piovesan (2012 , Souza et al. (2013) and Sapovadiya et al. (2014) .
In view of the above, this paper aimed to estimate the combining ability of watermelon genotypes in order to identify promising parents for the development of new commercial cultivars with smaller-sized fruits and smaller seeds in breeding programs.
Material and methods
The hybrid seeds of the study were obtained from the experimental field of Embrapa Semiárido, located in the irrigated perimeter of the Bebedouro irrigation project, in the municipality of Petrolina, PE, Brazil (9°7'56" S/40°17'59.57" W), between January and March 2015, using controlled hand pollination (CHP) according to the method used by Gama et al. (2015) .
The six parents 'JNY' (1), 'ORA' (2), 'KOD' (3), 'SOL' (4), 'CHG' (5) and 'PEA' (6), the 15 F 1 hybrids, interpopulations and their reciprocals, originated from all possible combinations between parents (Table 1) 
Where: Y ij is the observation of the i-th treatment of the j-th block; μ is the effect of the overall mean; T i is the effect of the i-th treatment;
B j is the effect of the j-th block; and e ij is the effect of the experimental error.
The effects of the general and specific combining abilities of the parents were estimated using the method proposed by Griffing (1956) 
Where: Y ij is the mean of the hybrid (i≠j)
or of the parent (i=j); μ is the overall mean of the diallel; g i and g j are the effects of the general combining ability of the i-th or the j-th parent; s ij is the effect of the specific combining ability for the cross between the i and j order parents; r ij is the reciprocal effect that measures the differences produced by parent i or j when used as a pollen donor or recipient, and ε ij is the experimental error. The analyses were conducted with the aid of the GENES software (Cruz, 2013) .
Results and discussion
Significant differences between the treatments were observed for all the traits evaluated, thus evincing the existence of genetic variability among the treatments (Table 2) . (1) ns = Not significant; *, ** Significant, at the 1% and 5% significance level, respectively, by the F test; CV = Coefficient of variation; SV = Sources of variation; DF = Degree of freedom; The coefficients of variation (CV) for most of the evaluated characters were low, lower than 10.0%, which evidenced high experimental precision and homogeneity within the plots of parents and hybrids ( Nascimento et al. (2018) . These results show that because it is a polygenic trait and with a strong environmental influence, this value can be considered normal.
Significant differences were observed for the effects of the general combining ability (GCA)
as well as the effects of the specific combining ability (SCA), for all the characters, except for the soluble solids content for SCA (Table 3) , which
showed that the additive and non-additive gene interaction occurred simultaneously in the control of the traits evaluated. These results are partially in agreement with those reported by Bahari et al. (2012) , who worked with four pure lines of watermelon. However, in the present study the analysis of quadratic components (Table   3) showed that the control of the characters 'days before female flower anthesis', number of fruits per plant, yield, and seed mass was due to the prevalence of non-additive effects over additive ones; however, the opposite occurred for fruit mass, length and width, pulp firmness, rind thickness, seed length and seed width. For the main branch length, in turn, the quadratic components for GCA and SCA were the same, which showed simultaneous additive and nonadditive action controlling the trait.
Regarding the SCA, no significant differences were found for soluble solids content, indicating that the GCA for this character, although negative in some parents, when combined, allelic complementation occurred, which favored the increase of the soluble solids content in the hybrid combinations thus pointing to the action of additive effects controlling the trait. These results differ from those presented by Barros et al. (2011) and Gvozdanovic-Varga et al. (2011) , in which the occurrence of non-additive effects controlling the soluble solids content was reported. Such a contrast can be explained by the genetic difference between the genotypes studied or due to the interaction genotype x (1) ns = Not significant; *, ** Significant, at the 1% and 5% significance level, respectively, by the F test; CV environment.
There were significant reciprocal effects (RE) at a 5% significance level among the parents in relation to days before female flower anthesis, main branch length, fruit width, pulp firmness, soluble solids content, rind thickness, seed length, seed width, and seed mass ( Based on the specific combining ability (Table 5) , hybrids '1x5, 1x6, 2x3, 2x4, 3x5, 4x6 and 5x6' were noted as the most promising ones in terms of precocity; and the combinations '1x2, 1x6, 2x3, 2x4, 3x4, 3x6, 4x5, 4x6 and 5x6' in terms of fruits with higher mass, whereas '1x3, 1x4, 1x5, 2x5, 2x6 and 3x5' in terms of lower fruit mass; the combinations '1x3, 1x4, 1x6, 2x3, 2x4 and 2x5'
were the most promising ones for prolificity; in terms of yield, hybrids '1x2, 1x4, 1x6, 2x3, 2x4, 3x5, 3x6, 4x6 and 5x6' stood out; for smaller fruit size (fruit length and width), the combinations '1x3 and 2x6' were prominent; the combinations '1x2, 1x4, 1x5, 2x3, 4x6 and 5x6' for soft fruit pulp; for the highest concentration of soluble solids, hybrids '1x6, 2x3, 2x4, 2x5, 3x5, 4x5 and 4x6' were noted; as for rind thickness the combinations '1x2, 1x4, 1x6, 2x3, 2x4, 2x5, 3x4, 3x6 and 4x5' were the most promising ones; for seed size (length, width) and Table 5 . Estimates of the specific combining ability effects on watermelon hybrids In relation to all the characters studied, some hybrid combinations, as well as their reciprocal ones, showed negative and positive values or vice versa, which indicates the action of reciprocal effects (Ferreira et al., 2002) . Based on the reciprocal effects of the characters 'days before female flower anthesis', fruit mass, number of fruits per plant, yield, pulp firmness, soluble solids content, rind thickness, seed length, seed width and seed mass (Table 6 ), it was found that 'JNY' (1), when crossed with parents 'ORA' (2), 'KOD' (3), 'SOL' (4), 'CHG' (5) and 'PEA' (6), should be used as a pollen recipient, because in this case greater increases were observed in terms of precocity, prolificacy, yield and reduction of seed size; genotype 'ORA' (2), when crossed with 'KOD' (3), 'SOL' (4), 'CHG' (5) and 'PEA' (6), should be used as a pollen recipient owing to its increased fruit mass, prolificacy, yield, firmer pulp, sweeter fruits, with thicker rind and small seeds; the genotypes 'SOL' (4), 'CHG' (5) and 'PEA' (6) when crossed with 'KOD' (3), should be used as a pollen donor due to higher reduction of fruit mass , increased prolificacy, sweet fruits with firmer pulp and smaller seeds; genotype 'SOL' (4), when crossed with 'CHG' (5) and 'PEA' (6), should be used as a pollen recipient for its contribution to precocity, prolificity, sweet fruits with firmer pulp and smaller seeds; in the cross between genotypes 'PEA' (6) and 'CHG' (5), the latter should be used as a pollen recipient, since the reciprocal effects demonstrate the superiority of the hybrids obtained. 
